Body sway and vibration perception in the lower limbs were measured in 32 normal subjects and 25 patients with peripheral neuropathies; nerve conduction studies were also performed in the patients with neuropathies. Body sway was measured by means of force-plate posturography, and three methods were used to assess vibration perception: a neurothesiometer, a semiquantitative tuning fork, and the bone vibrator of a conventional audiometer. Body sway and vibration perception were increased in the patients with peripheral neuropathies, and there was significant correlation between these measures. These findings, together with the lack of correlation between sway and muscle strength, indicate that the main source of unsteadiness in these patients is the loss of proprioceptive information. Vibration perception and body sway did not correlate with the electrophysiological variables, indicating that these measures assess different aspects of peripheral nerve function. In all subjects there was close correlation between vibration perception as assessed by the neurothesiometer and the audiometer, indicating that the audiometer could be used to screen proprioceptive fimction in patients with balance disorders. In normal subjects age correlated with vibration perception (measured with the neurothesiometer and audiometer) and also with body sway standing on foam. This suggests that the increased body sway in elderly people may partly be due to reduced proprioception in the lower limbs. (y Neurol Neurosurg Psychiatry 1995;58:335-340) 
Postural control relies on information provided by the visual, vestibular, and proprioceptive systems. Severe disturbances of balance and gait can occur in proprioceptive afferent disorders (for example, tabes dorsalis,' 2 polyneuropathies3-6). There have, however, been few attempts to quantify the degree of unsteadiness in patients with neuropathies, or to correlate this with the severity of the neuropathy.
Proprioceptive signals and vibration sensation are conveyed by large fibres of peripheral nerves,7 and these are also the fibres that are stimulated during routine nerve conduction studies.8 It is not known whether the degree of unsteadiness is related to vibration thresholds in patients with neuropathies, nor how it relates to the electrophysiological functional status of the peripheral nerves. Changes due to normal aging also cause deterioration in both postural control and vibration perception,9-13 but it is not clear whether these changes are related, and if so, under what conditions.
Neuropathies may give rise to subtle off balance sensations, and presumably they may also delay the process of compensation of vestibular lesions.'4 Patients with proprioceptive disorders may therefore present to a neuro-otology clinic complaining of poor balance. Because an audiometer includes a bone vibrator, it should be possible to use this to assess proprioceptive function. By using an audiometer in this way to screen for neuropathies, it may be possible to perform a more thorough assessment of balance function in patients attending audiology or otology clinics.
In this study we correlated data from forceplate posturography with three methods of assessing vibration perception: a semiquantitative tuning fork, a neurothesiometer, and the bone vibrator of a conventional audiometer. We also assessed how age affects vibration perception and postural control. Finally, we determined whether vibration perception and postural control are related to nerve conduction variables in patients with peripheral neuropathies.
Methods
Thirty two normal subjects (mean age 42 (SD 18) years; range 24-85 years) and 25 patients who had peripheral neuropathies (mean age 55 (SD 14) years; range 27-86 years) were studied. The clinical severity of the patients studied was limited by the fact that they had to be able to stand unaided on the sway platform. Patients with additional neurological or labyrinthine symptoms or signs were excluded. All subjects had vibration thresholds determined by the three different methods, and all had body sway assessed by force-plate posturography. Vibration thresholds were measured because they are easily quantified and also because they include a temporal component likely to be relevant to the dynamic control of postural sway. All patients with neuropathies had nerve conduction tests performed, although controls did not. Standard neurophysiological criteria were used to determine whether a neuropathy was present, and whether it was axonal or demyelinating. 15 Vibration thresholds were measured with a neurothesiometer (Horwell Ltd, London), which vibrates at 100 Hz, a conventional audiometer (Peters AP.5 mk II, Sheffield) vibrating at 250 Hz, and a 64 Hz tuning fork (Aesculap, Germany). Vibration sense was determined at both ankles (medial malleoli) and at both tibial tuberosities. The vibrators were applied maintaining as constant a pressure as possible at the stimulating site; with the neurothesiometer this was easily achieved by using the weight of the instrument. More variability may have occurred with the audiometer or tuning fork as with these instruments the pressure had to be manually generated by the experimenter. With both the neurothesiometer and audiometer, the procedure to determine thresholds was as follows. To demonstrate the sensation of vibration, the subject was given a suprathreshold stimulus in a symptom free region. The Tables 2 and 3 show the data for the patients and the normal subjects for all variables measured. Patients had significantly higher Right ankle 7 thresholds for vibration perception than normal controls. For all subjects, vibration thresholds correlated across both sides of the body (for example, right and left ankle, Srcc = 0-846, P < 0 001) and for different sites (for example, right ankle and right tibia, Srcc = 0-813, P < 0-001). Thus unless specified data used are from the right ankle only.
In normal subjects, vibration threshold determined by the neurothesiometer and the audiometer were highly correlated (Srcc = 0-864, P < 0 001; fig 1) ; however, neither of these measures correlated with measurements obtained with the tuning fork (Srcc = 0-147, NS).
In patients there was also significant correlation between measurements with the audiometer and the neurothesiometer (Srcc = 0-858, P < 0 001; fig 1) . By contrast with the normal subjects, there was also correlation between these measurements and thresholds determined with the tuning fork (Srcc = -0-603, P = 0 001).
There was no significant difference in Table 3 Vibration perception, body sway, and nerve conduction studies in patients with axonal or demyelinating neuropathy In all conditions, patients swayed significantly more than controls (table 2, figs 2A, B). There was no significant difference in body sway between patients with axonal or demyelinating neuropathies (table 3, figs 2A,  B) . Body sway did not correlate with muscle power.
By contrast with the findings in normal subjects, vibration thresholds in patients were well correlated with body sway in all conditions-that is, standing on the platform with eyes open (Srcc=0 503, P=0 01), and closed (Srcc = 0-563, P = 0-003) and standing on . This lack of correlation is not due to some inconsistency in either the (eyes open Srcc = 0-524, P = 0-008; EMG or the functional studies, because the losed Srcc = 0-531, P = 0-07). This cor-EMG variables are interrelated (neuropathy )n seemed to depend on the findings in score-conduction velocity, Srcc = -0-668, P tonal group of neuropathies as it was < 0-001). As mentioned, the functional stud- form. '7 19 Sway correlated with vibration perception but not with muscle strength. Assessment of muscle power was only a semiquantitative clinical estimate, but the results strongly suggest that it is lack of proprioception, rather than weakness, that causes patients to be unsteady.
The finding that patients differed from controls in all sway testing conditions indicates that visual input cannot fully compensate for the impairment in proprioception, even when subjects stand on a firm surface. This is unlike patients with total loss of vestibular function20 and is further evidence that proprioception is the single most important sensory input for postural control in humans. Unfortunately, this fact is not always appreciated in the assessment of patients with balance disorders.
In the control group vibration perception 0 group.bmj.com on April 30, 2017 -Published by http://jnnp.bmj.com/ Downloaded from was only correlated with body sway when standing on foam or with eyes closed. This contrasts with the patients, in whom vibration thresholds correlated with sway under all conditions. These findings suggest that when the proprioceptive system is stressed (for example, darkness or compliant supporting surface) small differences in vibration perception in the normal population may become important for sway control. In such conditions, subjects with lower thresholds sway less than those with higher thresholds.
This finding is particularly relevant to the problem of unsteadiness in the normal elderly population. In our sample, age, raised vibration thresholds, and increased postural sway were interrelated, although multiple regression analysis indicated that the most significant association was between age and vibration thresholds. Furthermore, the data showed that sway increased with age when the subjects stood on foam but not on the firm platform. This shows that the effect of age on postural sway becomes manifest when taxing conditions are met. Vibration perception and body sway are also correlated only when the postural system is somewhat stressed. Taken together, these findings emphasise the role of decreased proprioception in the balance disorder of the elderly.
One of our aims was to compare vibration perception with peripheral nerve conduction variables in patients with neuropathies. To do this, we had to devise a means of grading the severity of the neuropathy in electrophysiological terms. Clinical severity of polyneuropathies would not be satisfactory as many of the most disabling features (for example, autonomic involvement, disturbed bulbar function, trophic changes, pain) are unrelated to somatic afferent function in large fibres. We devised our neuropathy score because we are not aware of any simple neurophysiological system for grading neuropathies, although a more complex method has since been devised.2' It is clearly unsatisfactory to equate the severity of a neuropathy with the result of any single test. For example, although the amplitude of the sural action potential is particularly valuable in confirming the presence of a neuropathy, not all patients with an absent sural action potential have a neuropathy of similar severity. Broadly, a patient with absent sural and median action potentials has a more severe neuropathy than one with an absent sural and a median sensory action potential of 10 ,uv, whereas a patient with abnormal motor conduction and absent sensory potentials is more affected than one with sensory involvement alone. In addition, normal ranges tend to decline with age. For these reasons we produced summary scores, based on amplitudes of both sensory and motor nerves in upper and lower limbs, which took age into account. There is also an additional difficulty, which arises from grading both demyelinating and axonal neuropathies on the same scale. For example, one patient included in this study had severe slowing of motor nerve conduction, but normal sensory and compound muscle action potentials. We therefore added two points to the total score if the conduction velocity fell below set values.
We A practical point to note is that vibration thresholds as measured by the audiometer correlated well with the measurements from the neurothesiometer. This indicates that an audiometer could also be used to screen patients for a neuropathy. Such screening could be of particular value in balance disorder clinics biased towards otological assessment where measurement of proprioceptive function may not be routinely undertaken. At present, however, there is little evidence to indicate whether changes in lower limb proprioceptive function contribute to subtle sensations of unsteadiness or retard the process of compensation of vestibular disorders. 14 The lack of correlation with the tuning fork measurements in healthy controls suggests that the resolution of the tuning fork is not enough to detect the small variations in perception of vibration present within the normal population. The tuning fork is sufficiently sensitive, however, to detect the relatively gross differences in the neuropathic patients, as there was correlation between all three techniques of measuring vibration perception in this group. The introduction of semiquantitative scales, such as the one provided by the tuning fork used in this study, improves the quality of the bedside clinical assessment of vibration perception.
